solids (~10 -4 eV), all approaches are to some extend based on the spin-charge interaction to modify the electronic orbits that are coupled to the electron spins. For magnetic materials, such spin-charge interaction often manifests as the spin-orbit coupling which generates the so-called magnetic anisotropy to determine the electron spin direction, i.e.
the easy magnetization axis. Therefore a control of the local electron spin direction is ultimately related to the manipulation of the magnetic anisotropy. For example, controlling the spins both along the surface normal and in the surface plane of a magnetic thin film has been realized by tailoring surface and step-induced magnetic anisotropies [7, 8, 9] . Although research on the magnetic anisotropy has been greatly advanced in the last decades, its limitation is that once a magnetic nanostructure is synthesized the interfacial electronic states are fixed and it is very difficult to change the magnetic anisotropy. Then the interesting question arises if new mechanisms exist that could generate a magnetic anisotropy? Exploring such new mechanisms would be obviously important to the development of spintronics technology. In this Letter, we demonstrate a new way to switch the spin direction of a ferromagnetic thin film. We show that the spin direction of a Ni thin film in FeMn/Ni/Cu(001) can be switched from parallel to the surface normal into the surface plane of the film by changing the magnetic state of the antiferromagnetic FeMn layer. We show that this phenomenon is due to the magnetic frustration at the FeMn/Ni interface which generates a magnetic anisotropy shifting the Ni spin reorientation transition (SRT) thickness [10] by as much as 40%. We choose this system because FeMn/Ni/Cu(001) films can be grown epitaxially and FeMn has a welldefined 3Q antiferromagnetic spin structure so that well-defined single crystalline ultrathin films can be synthesized for this study with the FeMn Néel temperature easily tuned by changing its film thickness [11] .
A 10 mm diameter Cu(001) single crystal disk was mechanically polished down to 0.25 μm diamond-paste, followed by an electropolish [12] . The substrate was cleaned in situ by cycles of Ar + sputtering at 2-5 keV and annealing at 600-700 º C.
FeMn/Ni/Cu(001) films were grown at room temperature with a base pressure below [ 13 ] . All measurements were made at room temperature.
We first present Ni domain images ( In our case, the Ni film thickness is actually fixed at 8.2ML so that the SRT in Figure 1 is induced by the FeMn overlayer rather than by the Ni film itself. On the other hand, the Ni spin direction is ultimately determined by its overall magnetic anisotropy. This magnetic frustration is similar to the case of the biquadratic interlayer coupling in magnetic sandwiches [21] and the 90-degree coupling at the FM/AFM interfaces [22] where the AF and FM couplings compete witheach other. The result of this competition 5 is to generate a uniaxial magnetic anisotropy which favors a perpendicular alignment of the FM spins to the AF spins, similar to the well-known "spin-flop" state in bulk antiferromagnets [23 ] . The purpose of including the paramagnetic FeMn case is to identify possible effect of the step-induced magnetic anisotropy on the Ni SRT [25] . We find that for paramagnetic Ni magnetic anisotropy value in Ni/Cu(001) system [10] , we estimate the strength of this frustration induced magnetic anisotropy to be ~70 μeV/spin, the same order of magnitude as estimated by Koon [22] . We would also like to point out that this frustration induced SRT should be a general phenomenon as far as the crystal plane of the film surface carries an uncompensated net spins whose direction alternates between neighboring terraces. Finally, another interesting topic for future study could be the exchange bias in this system because the unidirectional and uniaxial magnetic anisotropies due to the FeMn-Ni interfacial interaction are in two different directions.
In summary, we studied the Ni spin reorientation transition in FeMn/Ni/Cu(001) system and find a 40% Ni SRT thickness shift as the FeMn overlayer transits from paramagnetic to antiferromagnetic state. We attribute this giant shift to the out-of-plane
FeMn-Ni interfacial magnetic frustration which generates a magnetic anisotropy to the Ni film. 
